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ABSTRACT

The addition of alist mode data type to the Digital Imaging and Communications in Medicine standard, DICOM will enhance
the storage and transmission of digital microscopy data and extend DICOM to include flow cytometry data. Thiswould permit
the present International Society for Analytical Cytology Flow Cytometry Standard to be retired. DICOM includes: image
graphics objects, specifications for describing: studies, reports, the acquisition of the data, work list management, and the indi-
viduals involved (physician, patient, etc.). The glossary of terms (objects) suitable for use with DICOM has been extended to
include the collaborative effort of Logical Observation Identifier Names and Codes (L OINC) and Systematized Nomenclature
of Human and V eterinary Medicine (SNOMED) to create a consistent, unambiguous clinical reference terminology. It also ap-
pears that DICOM will be a significant part of the Common Object Request Broker Architecture, CORBA.
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1. INTRODUCTION
A recent publication® described the proposed third version of the International Society for Analytical Cytology, ISAC, Flow
Cytometry Standard (FCS) to permit data interchange. Unfortunately, the proposed FCS 3.0 is neither suitable for electronic
transmission of data nor as an active data store for flow cytometry data. However, FCS 3.0. is areasonable format for archiving

data. The simplest long term sol ution? isto replace FCS 3.0 with the Digital Imaging and Communicationsin Medici ne34S,
DICOM 3.0 standard. The addition of alist mode data type to DICOM Supplement 15, Visible Light Image, Anatomic Frame

of Reference, Accession, and Specimen for Endoscopy, Microscopy, and Photography6 will be of use for digital microscopy
and will suffice for extending Supplement 15 to include flow cytometry. The use of DICOM directories permits the binary data
produced by analytical cytology instrumentation to be stored in and transmitted as multiple files. The utility of employing DI-
COM for flow cytometry will be demonstrated with an example based on the requirements specified from the clinical flow cy-
tometry literature.

The first stepsin designing a medical software project are to determine the requirements and perform a preliminary hazard
analysis’. Since software standards, such as FCS 3.0 or DICOM 3.0, specify at a detailed level the format and methods (func-
tions and procedures) of data types, these standards are part of the development of medical devices. There has been only one
significant change proposed to either the requirements or hazards that we previously published and posted on the ISAC Web
Site®. There was an unofficial consensus at the International Society for Analytical Cytology, ISAC, Asilomar 1997 meeting
that the Flow Cytometry Standard including its third version, FCS 3.0, was not designed for data transfer over the Internet or
similar medium. FCS was designed primarily for data storage. Since there is an obvious need to transfer data between labora-
tories, the requirement for data transfer has been kept and has been expanded to include the use of the Internet.

DICOM Supplement 15, “Visible Light Image, Anatomic Frame of Reference, Accession, and Specimen for Endoscopy, Mi-
croscopy, and Photography”, requires a small addition to include the data produced by the two major methodol ogies of analyt-
ical cytology, digital microscopy and flow cytometry. The list mode data format, which is presently primarily associated with
flow cytometry, must be described as additional DICOM Information Object (class). List mode datais presently descri bed® as
“acontinuous bit stream with no delimiters’. A list mode file can be represented as an array of one to the total number of cells
where each element of the array includes the data associated with one cell or particle.

2. ANALYTICAL CYTOLOGY REQUIREMENTS FOR DICOM
Req.1 Analytical cytology data must be formatted to permit the information to be accessed by multiple programs including
those created by third parties.

Req.2 The analytical cytology datatogether with other relevant data such as that described in Supplement 15 must bein aform
where it can be reliably transferred between computers of the same or different types. The data transfer can be: by the
transfer of media, such as CD-ROMSs, over an intranet (local area network), or viathe Internet.

Req.3 The analytical cytology dataformat should facilitate archival storage.
Req.4 The addition of flow cytometry data should result in minimal additions or changes to the existing DICOM Standard.
In fact, since the proposed list mode data type is useful for digital microscopy, no flow cytometry specific addi-
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tions are proposed. The changes to the existing DICOM standard have been minimized by the use of
inheritance where the new data structures are derived from already existing data structures. The bivariate histo-
gram and list mode data formats described below are examples of this.

3. Flow Data File Classes:
3.1. Flow Data:

Since the cell parameter data produced by the flow cytometers and cell sortersis most often the largest component of any file
or datatransmission, it will be discussed first. Flow instruments employ analog to digital converters ADCs to convert informa-
tion describing the electronic pulses from each of the measured parameters into unsigned integers, which range between 8 and
usually 16 hits. An effective increase in this range can be achieved by employing multiple gains on the preamplifier associated
with each ADC. In any event, for the present and normal five to ten year period between revision of a standard, unsigned 32 bit
integers should be more than sufficient to store the data produced by any flow cytometry or digital microscopy transducer. The

dynamic range of available ADCsand of the actual signalsislessthan 1 to 232 (4 billion). Although, the mathematical functions
employed to analyze and combine parameters can result in datathat isexpressed in afloating point format, the precision of these
calculationsis still limited to the precision of the original integer data. Therefore, after appropriate scaling, the datain floating
point format can be transformed into a suitable unsigned integer format without any loss of precision. In fact, the resolution of
transformed or normalized dataiis usually less than one part per thousand.

FCS presently stores three representations of the data. Thefirst is descri bed® as an “uncorrelated univariate histogram”. This
is the very common single parameter histogram of an experimental or calculated value (ordinate) versus an evenly spaced set
of values (abscissa), such asintegers. For flow cytometry, thisis a pulse-height distribution, the number of eventsthat occurred
for agiven ADC increment. The ordinate values are the number of events with the same ADC value and the abscissaisthe ADC

values, which corresponding to the number of channels (bins) employed to resolve the data. The second is descri bed® asa*“ cor-
related multivariate histogram”. By far, the most common form of thisis the bivariate histogram is the familiar x versusy plot.
Thethird islist mode, which was briefly described above. The data is expressed as an array equal to the number of events (in-
dividual cells or particles) with each event consisting of one or generally more parameters. The total number of bytes and the
layout of the fields which describe each of the eventsis constant for all events.
3.2. Uncorrelated univariate histograms:

The DICOM Curve class can be used to model these or alternatively, the histograms can be put into atext file. Supplement
23 defines'® the CURVE Class (Table 1) to be abinary representation of vector (n-dimensional) data. The datatypesin Table
1 which describe DICOM Curveswere abstracted from the Registry of DICOM DataEl ements® P16, The Curve classhas been

provided with only aminimal specification. The Curve class® P13 includes all of the information necessary to plot single pa-
rameter data and a Curve Directory Record Type which permits the storage of multiple files each of which contains one or more
curves. These curves can have up to 216values, which all are of one datatype. The datatypesfor Curvesinclude: unsigned short
(unsigned 16 bit integers), signed short (signed 16 bit integers), floating point single precision, floating point double precision,
and signed long (signed 32 bit integers). Both ASCII data and Unsigned 32 bit integers, which are standard FCS 3.0 numeric
types were omitted from DICOM Curves. However, unsigned 32 bit integers are a standard DICOM datatype.

Table 1 Curve Data Types from the DICOM Data Dictionary*
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Hexadecimal DICOM Name #Val.| Description Comment .Length

Tag in Bytes
(0008,0025) |Curve Date 1 |Date mmdd 8

' Decimal_String yyy
(0008,0035) |Curve Time 1 Time hhmmss.frac 16 Max
(0008,1145) Referenced Curve 1 Sequence of This permits multlple

Sequence Items curves to be in 1 file.
(0020,0024) | Curve Number 1 Integer String | “0"..79", “+", “-" 12
(50xx,0005) | Curve Dimensions 1 Unsigned Short | 16 Bit Unsigned Integer 2
(50xx,0010) | Number of Points 1 Unsigned Short | 16 Bit Unsigned Integer 2
. Up_Char' “071..!19”' n II' H_H Of

(50xx,0020) | Type of Data 1 Code String the Default_Char Rep. 16 Max
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Table 1 Curve Data Types from the DICOM Data Dictionary*

(50xx,0022) | Curve Description 1 Long String No \' Delimiter 64 Max
(50xx,0030) | Axis Units 1-n | Short String No \' Delimiter 16 Max
(50xx,0040) | Axis Labels 1-n | Short String No \' Delimiter 16 Max

(50xx,0103) |Data Value Representation |1 Unsigned Short | 16 Bit Unsigned Integer 2
(50xx,0104) | Minimum Coordinate Value |1-n |Unsigned Short|16 Bit Unsigned Integer 2
(50xx,0105) |Maximum Coordinate Value |1-n |Unsigned Short| 16 Bit Unsigned Integer 2

(50xx,0106) |Curve Range 1-n | Short String No \' Delimiter 16 Max
(50xx,0110) |Curve Data Descriptor 1 Unsigned Short | 16 Bit Unsigned Integer 2
(50xx,0112) |Coordinate Start Value 1 Unsigned Short | 16 Bit Unsigned Integer 2
(50xx,0114) |Coordinate Step Value 1 Unsigned Short | 16 Bit Unsigned Integer 2

* The first column contains the unique 32 bit unsigned number which is the Hexadecimal Tag that uniquely

identifies the data type. The column labeled #Val. specifies the number of values for the item. For instance, one

axis can have multiple labels. The last column, Length in Bytes, shows either a constant or the maximum, Max.,

number of bytes for the data type.
3.2.1. Tab Delimited Format: Often, multiple histograms of the same length are best kept together in the same file. The sim-
plest solution is to employ the standard commercial software format that is employed to import text files into spreadsheets.
The total number of events for each parameter will be placed sequentially on one line and be separated by a“Tab". Table 2 is
a simple example of this. The first line has the name of each parameter. The number of lines minus one will equal the range
(length) of the histograms. The total number of events or other ordinate value is expressed as either a DICOM Integer String
(12 bytes) or a Decimal String (16 bytes). This is equivalent to but simpler than the FCS 3.0 use of the ASCII data type.
Although this proposed Tab Delimited Format data type is not absolutely essential for or even specific to analytical cytology,
it would facilitate the exchange of data.

Table 2 Tab Delimited Format

Chan_Num Tab LowAngle Tab W deAngl eTab DAPI Tab CD4_Fl uor
0 Tab 10 Tab 0 Tab 5 Tab 150

1 Tab 20 Tab 7 Tab 20 Tab 75

2 Tab 50 Tab 17 Tab 30 Tab 50

100 Tab 750 Tab 250 Tab 500 Tab 300

255 Tab 75 Tab 29 Tab 0 Tab 0

3.3. Correlated Multivariate Histogram:

As stated above, the most common version of thisis the ubiquitous two dimensional graphs which are present in scientific
publications. These are also generated by conventional off-the-shelf software, such as spreadsheets. They can be described em-
ploying DICOM, PART 3: Information Object Definitions, Section C.7.6.3.1 Image Pixel Attribute Descriptions with two
changes. The origin (0.0, 0.0) must be set at the lower rather than the upper left hand corner. For two dimensional graph data,
the order of pixels sent for each image plane will be |eft to right, bottom to top (lower left pixel, followed by the remainder of
row 1, followed by the remainder of the columns). Concerning Samples per Pixel, the DICOM Standard allows but does not
define more than 4 separate image planes per pixel. Since often, flow datais presented with each cell population being assigned
adifferent color and more than 4 different types of cells are present, an extension to the standard is required. Thisincreasein
the number of image planes is also required for presenting the data from digital microscopes, which often produce a greater
number of parameters than flow cytometers.

Anincreasingly common display in Analytical Cytology is arotating cube. Three of the parameters correspond to the x, y,
and z axes. Three or more additional parameters can be displayed as colors. The data for these displays is often in list mode
format (Section 3.4).

The capacity to label human or algorithm selected areas of a bivariate distribution is provided by Part 3, Section A.1.2.7. It
definesan overlay asbeing ableto be represented in bit-mapped, graphics or text formats and being “ used to indicate such items
asregion of interest, reference marks and annotations.”
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3.4. List Mode Files:

Neither the DICOM Visible Light Image Supplement nor Part 3 describes a data structure which could be used for list mode
data. Two existing data types, Pixel Data Type and CURVE, can be extended or modified to include list mode data.

3.4.1. Pixel Data Approach: Removing the columns from the Pixel Data type6 resultsin asingle row. Presently, the number
of pixelsin arow is equal to the number of columns. Both the number of columns and rows are 16 bit unsigned Integers. The
number of cells or particles often exceeds 216, Therefore the range must be extended to 32 bit unsigned integers. The individ-
ual values for each cell can be treated as described for Planar Configuration which can be set to color-by-pixel. Each pixel has
amultiparameter color vector. The present standard, as stated above, does not define more than four parameters. Thisincrease
will also be needed for modern multiparameter digital microscopes and confocal microscopes, particularly those equipped
with spectrometric capabilities.

3.4.2. DICOM Curve Approach: The changes to the DICOM Curve class required for use with list mode data are: 1) all of
the 16 bit unsigned integer typesin Table 1 need to also be available as 32 bit unsigned Integers; and 2) the requi rement3 Pat
3, “All dimensions shall have the same value representation.” must be changed to permit the parameters associated with cells
to be of different data types.

3.4.3. Measured parameters: The limitation of representing the measured parameters by unsigned integers described above
is deliberately inconsistent with the present Flow Cytometry Standard which includes: unsigned binary integer (either 16 or 32
bits), single precision |EEE floating point, double precision |EEE floating point, and ASCII. As was argued in Section 3.1,
unsigned 16 bit or 32 bit integers are sufficient to represent the data produced by all of the transducers of a flow cytometer.
These transducers include: light scattering at different angles to determine cell size and granularity, fluorescence to measure
the amount of a given molecular species and sometimes the state of that species, and the two electronic parameters, cell vol-
ume (DC) and radio-frequency impedance. The electronic parameters are presently used for commercial hematology analyz-
ers, which are a specialized version of a flow cytometer. Two other parameters are the acquisition time of the individual cells
and an enumerated type which describes the assignment to a cell class produced by a previous analysis of the data. The acqui-
sition time starts at the beginning of an experiment and increases linearly.

3.4.4. Digital microscopy: Although List mode datais presently associated with flow cytometry, it isdirectly relevant to dig-
ital microscopy. As defined in Supplement 15, the X and Y offsetsin millimeters from the Origin of the Slide Coordinate Sys-
tem of each cell can be included as two parameters, which can be used to relocate individual cells. These cells can have
specific values for individual parameters or have previoudly been classified. The data type of these offsetsis a Decimal String
of up to 16 characters, which iswell in excess of the mechanical precision of positioning a microscope stage. In fact, the entire
digital pixel data absorbance and/or fluorescence data obtained for individual cells could be stored. Present automated cytolog-
ical screening systemsdo thisfor alimited number of cells, which are saved to be displayed on a high resolution color monitor
for human review!. The separation of analytical cytology into flow cytometry and digital microscopy breaks down with laser
scanning cytometry, which scans a conventional microscope slide with a laser to produce data similar to that produced by a
flow cytometer'?.

3.4.5. List Mode Data Compression: Packing the multiparameter color vector for each cell would be desirable for expediting
the transmission of and minimizing the space for archiving the list mode data. The data describing each parameter can be orga-
nized to begin and end on other than 8 bit boundaries and to only occupy the number of bits required for the data. However,
thisis antithetical to Reg.2. However, it would be practical for data that is archived for private use.

4. DICOM DIRECTORIES
Our previous2 two major criticisms of FCS 3.0 were: 1) its structureis recursive. An FCS 3.0 Header section can point to a
Text section which in turn can point to another Header section. and 2) placing multiple, large data files together significantly
decreased the probabilities of error free transmission and even of achieving a successful transmission.

Part 10, Section 8.1 specifies the formats for DICOM Directories. “ Another example is to map the File ID naming space to
adirectory and itstree of subdirectories. Inthiscaseit could offer the possibility to support multiple File-sets (one per directory)
on the same physical medium. Each File-set would have its own DICOMDIR File. To ensure interoperability, PS 3.12 shall
specify these specific mapping rules between the directories and the File ID naming space of a File-set (including the rules to
unambiguously locate the DICOMDIR File).”

The Supplement P2t 10 notes that, in the case of personal computer media, “a File-set ID may be defined to be identical to
avolumelabel”. It further describesthe conditionsfor storing data, such aslist mode, which are presently not part of the DICOM
Standard. “Non-DICOM Files (Files with acontent not formatted according to the requirements of this Part of the DICOM Stan-
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dard) may be present in aFile-set.” However, such files“may not be referenced by the DICOM Media Storage Directory”. The
DICOM File Service permits hierarchical directories. The Supplement provides a familiar example, “A DICOM File ID is
equivalent to the commonly used concept of “path name” concatenated with a“file name”. An example of avalid DICOM File
ID with four components shown separated by backslashes is; SUBDIR1\SUBDIR2\SUBDIR3\ABCDEFGH". Since DICOM
permits foreign data formats to be included in its directories, the list mode (Section 3.4) and the tab delimited single parameter
(Section 3.2.1) data formats proposed above could be presently included with other DICOM data.

5. DICOM EXTENSIONS
DICOM has been expanded to include L ogical Observation Identifier Names and Codes (L Ol NC)13 & the Systematized No-

menclature of Human and Veterinary Medicine (SNOMED)*10. LOINC and SNOMED are supporting a collaboration with
each other and DICOM that will ensure a consi stent, unambiguous clinical reference terminology that builds upon the strengths
of each. Both LOINC and SNOMED will be briefly described below.

5.1. LOINC:

LOINC objects are described as fields in a database'®. Seven abbreviated examples from the 9,316 items of the LOINC da-

tabase are given below in Table 3. The LOI NC standard includes the timi ng of the assay, which can be asingle point, for the
length of a study, afixed interval, such as 1 hour, or variable. All of theitemsin Table 3 are single point measurements. The
LOINC code has no relation to the DICOM Hexadecimal Tag. The column, Property Measured, has values of Arbitrary Conc.,
which means arbitrary units. The word Length is used to described a numeric statistic for the erythrocyte size distribution. A
method is not specified for many of the tests. The column CLASS below contains terms with specialized meanings. For in-
stance, Hematology excludes coagulation and differential counts. Serology pertains to antibodies and most antigens except
blood bank and infectious agents. Cell counts include blood, CSF, and pleuritic fluid.

Table 3 LOINC Examples

Code | Component (analyte) | Property Measured | System Method Class
5473-4 |CD4+CD8+ Arbitrary Conc. WBC Cellmarker
4679-7 |Reticulocytes Number Fraction RBC Hematology
6927-8 |Platelet AB.IGG Arbitrary Conc. Serum |Flow Cytometry |Serology
9440-9 Lymphocytes.IGA/100 Number Fraction WBC |Flow Cytometry |Cell Count

Lymphocytes
788-0 E_rytr_\roc_yte Size Length RBC Automated Count | Cell Count
Distribution
10351-5 | HIV 1 RNA Arbitrary Conc. Plasma | Amp/probe Microbiology
5131-8 |DNA Native AB Arbitrary Conc. Serum |Immuno Fluor. Serology
5.2. SNOMED:

SNOMED consists of 11 separate modules which contain more than 144,000 terms and termcodes. These include:
1. Topography, A functional anatomy for human and veterinary medicine. (12,803 records)

2. Morphology, Terms used to name and describe structural changes in disease and abnormal
development. (5,672 records)

3. Function, Terms used to describe the physiology and pathophysiology of disease processes.
(18,027 records)

4. Living Organisms Living organisms of etiological significance in human and animal dis-
ease.(24,480 records)

5. Chemicals, Drugs, and Biological Products Including pharmaceutical manufacturers. (14,275
records)

6. Physical Agents, Activities, and Forces, A compilation of physical activities, physical hazards,
and the forces of nature. (1,410 records)

7. Occupations Developed by, and used with permission from, the International Labour Office in
Geneva, Switzerland. (1,947 records)
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8. Social Context, Social conditions and relationships of importance to medicine. (845 records)

9. Diseases/Diagnoses, A classification of the recognized clinical conditions encountered in
human and veterinary medicine. (34,377 records)

10. Procedures, A classification of health care procedures. (28,685 records)

11. General Linkages/Modifiers, Linkages, descriptors, and qualifiers to link or modify terms from
each module.(1,373 records).

6. CLINICAL FLOW CYTOMETRY EXAMPLE

Recently, Braylan et al.X° described the information requirements for a flow cytometry laboratory. The major information
categorieswere: Patient, Sample, Sample preparation /staining, Cell Analysis, Dataanalysis, and Additional elements. Thefirst
column of Table 4, item, is from the items defined as the Patient category of Table 1 of Braylan et al. Some the items from
Braylan et a. were split because they were equivalent to two DICOM data types. The other columns of Table 4 contain the
mapping of the Itemsin the first column to DICOM, which now effectively includes both LOINC and SNOMED. Many of the

itemsin the other categories were previously mapped in Table 4 of Leif and Leif? to the microscopic image dataitems described
in DICOM Supplement 15.

Table 4. Patient Information Iltems

count)

Sequence

Item DICOM Name #Val. Hexadecimal |\ DICOM Comments !_ength
Tag Ref. in Bytes
Name Patient's Name 1 (0010,0010) |Part6 |Person Name 64 Max
Id # Patient ID (0010,0020) |Part 6 |String, no “\” delimiter | 64 Max
Date of birth Patient's Birth Date (0010,0030) |Part 6 |yyyymmdd 8
Sex Patient's Sex 1 (0010,0040) |Part 6 |- atients Sex,*™M", |,
F", or"O
Referring physician | Referring Physician's 1 (0008,0090) | Part 6 |Person Name 64 Max
name(s) Name
Referring physician | Referring Physician's 1-n  [(0008,0094) |Part6 |String, no “\" delimiter | 16 Max
phone Telephone Numbers
Referring institution | Institution Code Sequence |1 (0008,0082) |Part 6
Institution Name 1 (0008,0080) |Part 6 |String, no “\” delimiter | 64 Max
Institution Address 1 (0008,0081) |Part 6 One or more text 1,024
paragraphs. Max
Ciical information Sup.  |& SNOMED
. 23 & LOINC
and diagnoses
i%%sec;rt] for FCM Reason for Study 1 (0032,1030) |Part 6 |String, no “\” delimiter | 64 Max
Previous relevant Sup. & SNOMED
therapy 23
Pre\{lous FCM Referenced Results 1 (0008,1100) | Part 6 |& LOINC
studies Sequence
Other lab results Referenced Results
(WBC, differential 1 (0008,1100) |Part6 |& LOINC

7. CORBAmMed16

The standardization of medical informatics including digital microscopy and flow cytometry presently iswaiting for the se-

lection by the Object Management Group of the specification for implementing CORBAmed!’. The two parts of this specifi-
cation are 1) the data types and classes and 2) the transmission format. DICOM in its answer to the CORBAmed Request for

Proposal offered Supplement 23, STRUCTURED REPORTING. The other serious contender is the use of XML/EDI8, which
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isan extension of SGML for commerce. Thisleadsto three possibilitiesfor transmitting data: 1) The standard CORBA Interface
Definition Language, 2) present DICOM syntax, and 3) the XML syntax, which is similar to the ubiquitous HTML. Interface
Definition Language is an object based language, which although it suffers from a C like syntax has improved semanticsin-
cluding the advantages of specifying whether objects are in (read), out (written), or inout (read-write). DICOM has the very
significant advantage of simplicity. Parsing is significantly facilitated by having its types and classes described by an unsigned
32 hit integer, which can serve as aprimary key. Another DICOM advantage is since it isindependent of both the Object Man-
agement Group and Microsoft, it might serve as an acceptable compromise to these two competing groups. XML has the ad-
vantage of Web hype and perhaps support from Microsoft, which employs DCOM, its own proprietary product for distributed
computing.

The support by the College of American Pathologists and other groups should assure that, at least, the DICOM-LOINC-
SNOMED data and class definitions are used for both CORBAmed and a future medical standard based on DCOM.

8. CONCLUSIONS
1. No need to maintain a unique standard for flow cytometry.

2. FCS 3.0 should be an interim standard, which should expire 1 January, 2000.

3. Minimal additions to DICOM Supplement 15 will permit DICOM to be the standard for analytical
cytology and its two modalities, digital microscopy and flow cytometry.
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